Objectives: To evaluate treatment and prognosis of collecting duct renal cell carcinoma (CDRCC) in three institutions. Methods: The data of CDRCC patients were collected retrospectively from 3 participating institutions. Results:
Introduction
Renal cell carcinoma (RCC),which is the 7th most common cancer in men and the 9th most common in women, accounts for 2% -3% of all malignant tumors in adults [1] . In 2012, there were 84,400 new cases of RCC and 34,700 kidney cancer-related deaths in the European Union [2] . The most common histological subtype of RCC is clear cell (70% -80%), followed by papillary (10% -15%) and chromophobe (3% -5%), respectively. Besides, some other uncommon subtypes consist of approximately the remaining 5% of cases [1] [3] . Among them, collecting duct (Bellini duct) renal cell carcinoma (CDRCC) is an extremely rare RCC variant with a very low frequency ranging from 0.4% to 1.8% of all RCCs [4] . CDRCC is considered to arise from the collecting ducts in the medulla pyramid. CDRCC is usually centrally located, whitish in color and poorly defined with a high frequency of invading neighboring fat and vessels. Microscopically, the typical histologic features of CDRCC are of irregular tubular or tubulopapillary architecture, high nuclear grade and desmoplastics troma with numerous neutrophils. Regarding immunoh is to chemical staining, cells of CDRCC are generally positive for HMWCK, UEA-1 as well as coexpression of low and high molecular weight cytokeratins (CKs), such as CK7, CK19, etc, while none of these markers are definitive [3] [4] [5] . Although there are no specific imaging tools so far, several computed tomography (CT)findings may implicate CDRCC, which include medullary location, weak and hetero generous enhancement, involvement of the renal sinus, infiltrative growth, preserved renal contour, and a cystic component [6] [7] [8] .
In the literature, the majority of CDRCC patients were symptomatic and metastatic at presentation, consequently had a poor prognosis [9] [10] [11] . To date, there is no standard therapy for this rare condition.
Although most of reported patients with CDRCC have under gonesurgery, radical nephrectomy alone seems not to favor the prognosis of the metastatic cases except for cytoreductive or palliative reasons. Of note, the invasive nature of CDRCC along with the poor preoperative performance status of these patients tends to increase the risk of perioperative morbidity and mortality. Accordingly, surgical treatment for known CDRCC patients should be individualized. Although efficacy of immune therapy has been reported in a few small series, it is considered to be not effective in treatment of metastatic CDRCC. However, some cases receiving chemotherapy with a gemcitabine-cisplatin (G/C) regimen were reported to achieve stabilization or partial remission and beneficial palliation. Following the continuous improvement of the understanding of the molecular mechanisms underlying RCC, the advent of targeted agents has dramatically altered therapeutic landscape of RCC and significantly improved oncological outcome of the patients. However, no evidence except a few small series or case reports supports the efficacy of targeted therapy for CDRCC so far. Accordingly, several trials are under way to evaluate the role of targeted therapies in non-clear cell RCC [6] [12] [13] [14] .
The aim of this study is to describe and evaluate the patient and tumor cha-racteristics, treatment modalities and oncological outcome of CDRCC in three institutions.
Methods

Data Collection
Due to the rarity of the disease patients with CDRCC were extracted from insti- 
Pathological Findings
Diagnosis of CDRCC was made based on the examination of surgical specimens.
All the surgical specimens were processed according to standard pathologic procedures and evaluated by an experienced genitourinary pathologist. 
Follow-Up and Assessment
After a baseline visit, the patients were followed every 3 to 6 months for 5 years or until death. At every visit, history, physical examination, routine blood workup, and radiographic evaluation were assessed. In addition, scintigraphy and brain imaging was performed, if there was a specific suspicion in the presence of symptoms. Therapeutic options including surgery for primary and metastatic lesion, chemotherapy, radiation therapy, cytokine therapy and targeted therapy were evaluated. Cancer specific survival (CSS) was calculated from initial diagnosis of CDRCC to death from CDRCC or was censored at the date of last follow-up.
Results
A total of 24 CDRCC patients were identified in 3 institutions. Among them, 11 patients (0.5%) were extracted from 2046 patients undergoing surgery for RCC in Heidelberg University Hospital, 5 patients (0.6%) were extracted from 831 patients in Nuremberg General Hospital and 8 patients were extracted in National Center for Tumor Diseases Heidelberg.
Patients and Tumor Characteristics
As shown in Table 1 , median age of the patients was 63.0 years old and male gender was predominant (66.7%) in this cohort. All were of Caucasian origin. Of these patients, 11 (45.7%) were symptomatic at presentation including 5 with pain in flank or metastatic site and 6 with gross hematuria. Five patients (20.8%) were asymptomatic, whereas in 8 patients (33.3%) this information was not available. Missing information a was due to a lack in documentation. In the entire cohort, distant metastasis at initial diagnosis was present in 13 patients (54.2%) and 6 patients (25.0%) developed distant metastasis during the course of disease. The most common metastatic site was lung (n = 8) and bone (n = 8), followed by lymph nodes in distant sites (n = 7) and liver (n = 5).Of the patients with distant metastasis, 57.9% (11/19) of patients had solitary metastasis, while the remaining 42.1% (6/19) had two or more metastases. Besides, local recurrence was occurred in 5 patients (20.8%).The tumor characteristics of 24 patients were listed in Table 2 . Outside of a few patients with missing data, almost all the CDRCC patients were at high stage (87.5%) and were poorly differentiated (79.2%). Moreover, nodal involvement and major vein extension were observed in 58.3% (14/24) and 41.7% (10/24) of the patients, respectively. 
Local Treatment
All the patients in this cohort underwent surgery including radical nephrectomy 
Systemic Therapy
In total, 14 patients (58.3%) were treated by chemotherapy in this study. Among them gemcitabine/cisplatin was dominantly given in 6 patients (42.9%) with a median PFS of 6.3 months (range: 2.3-7.5), followed by gemcitabine/carboplatin in 3 patients (21.4%). The other chemotherapeutic regimes were gemcitabine/ doxirubicin in 2 patients (14.3%), gemcitabine mono in 2 patients (14.3%) and
Carboplatin monoin 1 patient (7.1%), respectively. Targeted drugs were mostly given as 2 nd line therapy, including sunitinib (n = 3), sorafenib (n = 1) and pazopanib (n = 1) were given to 5 (20.8%) patients. Of these patients, 3 experienced previous chemotherapy failures. Only 1 patient with a CSS of 8.0 months received cytokine therapy of interferon-a plus interleukin-2. Furthermore, Nivolumab, the novel immunomodulator against programmed cell death 1 (PD-1)
receptor, was given to 1 patient at a stage of T3aN1M1R1 after chemotherapy failure. This patient has survived for 9.5 months with no progression and is still under active surveillance currently.
Oncological Outcome
As shown in Figure 1 , median CSS of the whole cohort from diagnosis of BM was 11.3 months (range: 1.2 -52.0), as well as the CSS rate at 1 and 3 years of this cohort were 50.0% and 33.3%, respectively. Furthermore, CSS of the patients with CDRCC in different subgroups was shown in the Table 3 .
Discussions
Because of the paucity of CDRCC, limited data concerning this disease were reported historically. So far, three series of CDRCC with a relatively large size from cancer specific survival Europe, America and Japan were published, respectively. As shown in Table 4 , these studies are conductive to draw the outlines of the characteristics of this rare disease [9] [10] [11] .
In line with that of the European series, the incidence of the CDRCC was 0.5% -0.6% in our study. However, CDRCC occurs more frequently in Black (1.2%) than in White (0.4%) in the American series. Some similarities were shown in the aforementioned series along with our series, which included a male predominance (66.7% -75.6%), median age at diagnosis (58.2 -64.0 years) and median tumor size (5.5 -6.1 cm), respectively. Although a lower frequency of symptomatic patients was found in our series (45.7%) compared to that in European series (72.8%) and Japanese series (65.4%), the actual frequency will be much higher in our series when taking 33.3% of missing data into consideration. Including the present study, all the 3 series of CDRCC from western countries showed a similar rate of poorly differentiated disease ranging from 70.0% -79.2%. However, this rate was extremely higher (98.8%) in Japanese series, which might be explained by difference of genetics and environment. Compared to those of American series (57.0% and 33.3%) and Japanese series (33.1% and 15.0%), the rate of advanced T stage (T3 -4) and regional nodal involvement (N1-2) were much higher in our series (87.5% and 58.3%) and the European series (80.5% and 48.8%). In our series, an impressively higher rate of metastasis at presentation (54.3%) was observed versus that of 19.5%-33.3% in the three series listed in the Table 4 .
The CSS rates at 1 and 3 years in our series (50.0% and 33.3%) were slightly lower than those in Japanese series (69.0% and 45.3%) and American series (70.0% and 58.0%). However, the CSS rates at 1 and 3 years were much higher (86.1% and 68.0%) and had no difference compared to a matched series of clear cell RCC [9] . This phenomenon might be explained by a misclassification of some early cases in the European series, of which the data was extracted from 1984 to 2001. Because the diagnostic criteria of CDRCC was not defined accurately until a related criteria was proposed by Srigley and Eble in 1998 [15] .
Moreover, the fact that 32.5% (39/120) of CDRCC patients were misclassified in the Japanese series after a central pathological review provided a circumstantial evidence for our assumption [10] .
As shown in Table 3 , the CSS of patients with female gender, N0 stage, ab-sence of veins extension, negative surgical margin as well as chemotherapy and targeted therapy were numerically longer. Unexpectedly, the CSS of patients without symptom at presentation, local recurrence and distant metastasis were shorter. Nevertheless, we soberly realized all these results were not sufficient to draw any conclusion if considering the small size and the limitations of the retrospective nature of the current series. All the patients, of whom the median CSS was 11.3 months in our study, underwent surgery. Although a sufficient sample from surgery is essential to increase the diagnostic accuracy of CDRCC, the effect of surgery on CDRCC is still controversial. Mejean, etc. declared radical surgery alone had no benefit on the survival of initially metastatic CDRCC and suggested a fine needle biopsy when a large renaltum or with suspicion of CDRCC on imaging, particularly on CT [12] . In our series, the median CSS of patients with lymphadenectomy was even numerically shorter than that of patients without lymphadenectomy, which might implicate an extensive surgical procedure should be given with caution for CDRCC patients. Currently, the chemotherapy of G/C regimen is proposed as a quasi-standard systemic treatment for CDRCC. Oudard, etc demonstrated a 26% response rate of G/C regimen for metastatic CDRCC in a prospective multicenter phase II study. [13] Similarly, 14 patients with a G/C predominant chemotherapy had a much longer median CSS (14.7 months) than that of the 10 patients without chemotherapy (6.1 months) in our series (Table 3) . Only 20.8% (5/24) of patients were given targeted agents with a median CSS of 14.2 months versus that of 10.2 months in patients without targeted therapy. To date, the efficacy of targeted agents was only supported by a few small series and case report trials, some more welldesigned studies using targeted therapy in the treatment of CDRCC are warranted in the future. Limitations of our study are the small number of patients and its retrospective nature. However, because of the rarity of the disease lager cohorts are difficult to study.
In conclusions, CDRCC is a rare type of renal cell cancer with a very aggressive nature and a poor prognosis. A high percentage of CDRCC patients had advanced stage, high nuclear grade, regional nodal involvement and distant metastasis at presentation. To date, there is no standard protocol for the treatment of CDRCC. Current standard in systemic therapy of CDRCC is chemotherapy with gemcitabine and cisplatin.
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